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Integrated circuit and method of manufacturing same 



The invention relates to an integrated circuit (IC) comprising a set of cells, 
each cell comprising an electrical device having a device parameter with a parameter value 
which is a function of random parametric variations, the set of cells comprising a first subset 
of identification (ID) cells, and a second subset of ceils for generating an ID code by 
5 measuring the parameter values of the ID cells. 

The invention also relates to a method for manufacturing such an IC, the IC 
comprising a substrate and a set of cells, each cell comprising an electrical device having a 
device parameter with a parameter value which is a function of random parametric variations, 
the substrate comprising a first portion and a second portion, the method comprising a step 
10 which causes the random parametric variations. 



US-6,161,213 discloses an embodiment of an IC described in the opening 
paragraph. The IC comprises an array of identically designed ID cells each of which is a 

15 transistor circuit with two transistors. The transistor circuit produces a pair of currents whose 
difference is influenced by random parametric variations affecting the operating 
characteristics of the transistors forming the ID cell. These random parametric variations are 
used to generate an ID code. 

The IC further comprises a measurement circuit for sequentially accessing 

20 each ID cell of the array to measure this difference. The results of these measurements are 
encoded into a single output. This output comprises an ID code, which is unique to that 
particular combination of measurements. Provided the array of ID cells is large enough, there 
is a low probability that the array in any one IC will produce the same combination of 
measurements as an array in any of a large nvimber of other ICs. Therefore, the ID code can 

25 be used as an ID number for each chip. 

The measurement circuit comprises a load circuit, which converts the two 
currents produced by the transistors of an ID cell into two voltages. It provides the difference 
between these two voltages as a cell output. For the conversion of the two currents into the 
two voltages, two load cells with transistors similar to the transistors in the ID cells are used 



PHNL020753 




18.06.2003 



as load resistors. Mismatches in the load resistors and in the circuitry connecting the ID cells 
and the load circuit cause a constant voltage offset which adds to the cell output, resulting in 
an effective cell output. 

When the constant voltage offset exceeds the cell output, the effective cell 
5 output has a sign determined by the constant voltage offset and an amplitude determined by 
both the constant voltage offset and the cell output. For encoding the cell outputs it is then 
not sufficient to monitor the sign of the effective cell output. Therefore, the following 
measures are taken in the known IC to generate the ID code: (1) the load cells comprise a 
square array with an equal number of transistors connected in series and in parallel; (2) the 

10 measurement circuit comprises an auto-zeroing comparator for comparing the effective cell 
output of the most recently measured ID cell with that of a previously measured ID cell; 
when the former effective cell output is larger than the latter, the ID cell measured most 
recently is assigned to an output "1", otherwise to "0"; and (3) the measurement circuit 
further comprises an error detection unit. 

15 It is a disadvantage of the known IC that it is relatively difficuh to generate an 

ID code from the measurement of the parameter values, which are a function of the random 
parametric variations in the ID cells. 

20 It is an object of the invention to provide an IC of the kind described in the 

opening paragraph, which has a relatively simple design allowing for a relatively easy 
generation of an ID code from the measurement of the parameter values that are a fiinction of 
the random parametric variations in the ID cells. 

The invention is defined by the independent claims. The dependent claims 

25 define advantageous embodiments. 

According to the invention the object is realized in that the ID cells have first 
random parametric variations and the cells of the second subset have second random 
parametric variations, the first random parametric variations being larger than the second 
random parametric variations. 

30 Since the beginning of manufacturing ICs there has been a permanent trend to 

reduce the random parametric variations as much as possible. The known IC makes 
beneficial use of the remaining random parametric variations to generate an ID code. 
However, the random parametric variations in the ID cells are substantially the same as those 
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in the rest of the IC, including in particular the second subset, which is used for generating an 
ID code by measuring the parameter values of the ID cells. 

In the known IC the second subset is subjected to the same random parametric 
variations, as a result of which it introduces a constant offset in the parameter values of the 
5 first subset, which is comparable to or even larger than the random differences in the 
parameter values of the ID cells. In the known IC the generation of the ID code fi-om the 
measurement of the parameter values, that are a function of the random parametric variations 
in the ID cells, is therefore relatively difficult and a relatively complicated measurement 
circuit is required. 

10 In the device according to the invention this disadvantage is overcome by 

deliberately increasing the random parametric variations in the first subset with respect to 
those in the second subset, thereby acting against the trend to reduce the random parametric 
variations as much as possible. As the random parametric variations in the first subset are 
larger than those in the second subset, the constant offset in effective cell output is small as 

1 5 compared to the random differences in the parameter values, and the generation of the ID 
code fi-om the measurement of the random parametric variations in the ID cells is relatively 
easy. 

The IC according to the invention has an additional advantage: normally, due 
to noise and drift in the first subset and/or the second subset, the parameter value of an ID 

20 cell as measured by the second subset may randomly change with time, leading to an 
unpredictable change of the ID code. The chance of such an arbitrary change is reduced 
according to the invention due to the broader distribution of parameter values, which is an 
additional advantage. 

The ID cells according to the invention may comprise a conventional metal 

25 oxide semiconductor field effect transistor (MOSFET) as the electrical device. Alternatively, 
or in addition to the MOSFET, the electrical device may comprise any other electrical device 
having a device parameter with a parameter value, which is a fixnction of random parametric 
variations. It may comprise, e.g. a bipolar transistor, a diode such as, e.g. a Schottky diode, a 
capacitor, an ohmic resistor or an induction. 

30 Analogous to the prior art, the device parameter according to the invention 

may comprise a voltage such as, e.g. the threshold voltage of a MOSFET. Alternatively, or in 
addition to the prior art, the device parameter may comprise a voltage drop across an ohmic 
resistor, a current such as, e.g. the current provided by a transistor, a charge stored on a 
capacitor or a resonance fi-equency of a high frequency circuit comprising an induction. 
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The random parametric variations may be due to, e.g. a deposition of doping 



atoms in a substrate, which may modify the threshold voltage of a MOSFET. Altematively, 
the doping atoms may be used to control the thickness of an oxide grown on top of the 
substrate comprising the doping atoms as is described in EP-Al-1,093,667. The oxide may 
5 then be covered by another conductive layer to form a capacitor which has a capacitance 
value that is subjected to random parametric variations. The deposition of doping atoms is 
subject to random parametric variations because the doping atoms are randomly distributed, 
resulting in a statistical distribution in the number of doping atoms per unit area as is 
described in US-6,161,213. Ways to manufacture an IC according to the invention will be 
1 0 described below. 



deposition of magnetic particles in the vicinity of an inductor whose inductance is subjected 
to these random parametric variations. The differences in induction may be measured by 
determining the resonance frequency of a circuit comprising the inductance. In general, a 

15 small amount of magnetic particles may be present in the ID cells of the first subset and in 
the cells of the second subset due to, e.g. contamination in the manufacturing equipment, 
which is usually reduced as much as possible. The amount of particles in the ID cells may be 
deliberately increased by randomly distributing small magnetic particles over an area in the 
vicinity of the inductors. This area may be defined, e.g. by a photolithographic mask. 

20 In another embodiment, the random parametric variations may comprise a 

distribution of deposited metal atoms such as, e.g. titanium or tungsten on polycrystailine 
silicon to form a silicide, which is an ohmic resistor with a resistance. The ohmic resistor 
may be, but is not limited to, a part of a transistor, e.g. in the source or the drain region. The 
resistance is a function of the random parametric variations caused when depositing the metal 

25 atoms which form the silicide. In general, there are small variations in the number of atoms 
deposited per unit area. These variations may have been increased by, e.g. randomly 
distributing particles over a part of the polycrystailine silicon in the first subset prior to the 
deposition of the metal atoms. 



30 random distribution of particles which may be electrically insulating or conducting. These 
particles, which may originate e.g. from contamination present in the manufacturing 
equipment, are usually reduced as much as possible, but in the IC according to the invention 
they may have been deliberately introduced in the first subset to randomly create, e.g. short 



Altematively, the random parametric variations may be due to a random 



In yet another embodiment, the random parametric variations may comprise a 
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circuits between an electrical device and a ground electrode. Alternatively, or in addition, 
open circuits in some of the ID cells may have been introduced by insulating particles. 

It is particularly advantageous if the first random parametric variations cause 
random differences among the parameter values of the ID cells, the random differences each 
5 having an absolute value, the absolute values having an average value, and the second 
random parametric variations cause an offset in the parameter values of the ID cells, the 
offset having an absolute value, the average value being larger than the absolute value of the 
offset. 

In general, the parameter values of the ID cells as measured by the second 

10 subset depend on the first random parametric variations, which cause random differences 

among the parameter values of the ID cells, and on the second random parametric variations, 
which cause an offset in the measured parameter values of the ID cells. When the average 
value of the absolute values of the random differences is larger than the absolute value of the 
offset, it is relatively easy to generate an ID code. In the known IC it is then possible to omit 

15 the auto-zeroing comparator and to generate the ID code firom the sign of the effective cell 
outputs. When the average value is not larger than the absolute value of the offset, the auto- 
zeroing compgirator may be omitted as well. Then, however, only a small number of ID cells 
will have a sign different firom the sign of the constant offset and a larger first subset is 
required for generating the ID code. 

20 Provided the average value is larger than the absolute value of the offset, it is 

further advantageous if the identification cells each contain only one electrical device. When 
the average value is larger than the absolute value of the offset, it is possible to generate an 
ID code by comparing the parameter value of a single electrical device per ID cell with a 
standard parameter value. This standard parameter value may be generated, e.g. by one 

25 device in the second subset. By virtue thereof, it is possible to save space and costs as 

compared to situations where there is more than one device per ID cell such as, e.g. in the 
known IC which has two devices per ID cell. 

It is advantageous if the random parametric variations comprise a random 
distribution of doping atoms in at least a part of the electrical device. It is relatively easy to 

30 have increased random parametric variations in the first subset with respect to those in the 
second subset if the random parametric variations are at least partly due to a random 
distribution of doping atoms. During manufacturing of the IC the increase of the random 
parametric variations in the first subset with respect to those in the second subset can be 
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achieved by, e.g. randomly distributed objects which at least partly prevent doping atoms 
from being implanted in the devices of the ID cells. 

In an embodiment, the electrical device having random parametric variations 
due to a random distribution of doping atoms comprises a transistor. Transistors have 
5 electrical device parameters such as, e.g. the threshold voltage which strongly depends on the 
random distribution of doping atoms. Therefore, it is relatively easy to generate an ID code 
using these devices. 

It is advantageous if the transistor is a MOSFET. This type of transistor can be 
operated at low voltages and low power. 

10 In an embodiment, the MOSFET comprises a source, a drain, a gate, and a 

channel, which is situated between the source, the drain and the gate, the channel being 
electrically insulated from the gate by an oxide, the part of the electrical device having the 
random distribution of doping atoms comprising the channel. The threshold voltage of a 
MOSFET is particularly sensitive to the number and the position of the doping atoms in the 

IS channel. 

It is advantageous if the electrical device comprises an ohmic resistor having a 
resistance value, which is a function of the random parametric variations. The resistance of 
an ohmic resistor can be readily measured. There are several ways to increase the first 
random parametric variations which modify the resistance, as will be described below. 

20 In one embodiment, the ohmic resistor comprises a silicide material and has a 

shape, the random parametric variations comprising a random distribution of shapes. Usually, 
a silicide is formed by first depositing polycrystalline silicon, which is subsequently covered 
by a thin layer of metal atoms such as titanium or tungsten. The polycrystalline silicon and 
the metal layer are then heated to form a silicide. The geometrical shape of the so-formed 

25 silicide depends on the shapes of the polycrystalline silicon and of the metal layer. 

The number of deposited metal atoms per unit area is subject to statistical 
variations which are usually kept as small as possible. The statistical variations in the first 
subset may have been increased by randomly distributing objects in the area of the first 
subset, which objects prevent metal atoms from forming silicide. In this way the shape of the 

30 silicide and hence the resistance of the ohmic resistor formed by the silicide may have been 
randomly altered. 

In another embodiment, the random parametric variations comprise a random 
distribution of insulating objects in the ohmic resistor. Usually, the number of these objects is 
kept as low as possible. According to the invention they have been deliberately introduced to 



PHNL020753 




18.06.2003 



increase the random parametric variations in the first subset, resulting in a larger variation in 
resistances, 

In a variation of this embodiment, the first subset comprises a random number 
of ID cells each having ohmic resistors comprising a first part and a second part, which is 
5 electrically insulated fi-om the first part by the insulating objects. The objects then cause 
random open circuits in some of the ID cells, which are easy to detect. 

The method for manufacturing the IC according to the invention is realized in 
that means for increasing the random parametric variations in at least a part of the first 
portion with respect to the random parametric variations in the second portion are applied 

1 0 during at least part of the execution of the step. 

It is advantageous if during at least a part of the step of applying the means for 
increasing the random parametric variations the second portion is covered by a first mask 
which at least partly prevents an increase of the random parametric variations in the second 
portion. By covering the second portion of the substrate while, e.g. implanting doping atoms 

15 in the first portion and applying means for increasing the random parametric variations, it is 
possible to selectively introduce random parametric variations in the first portion, which are 
larger than the random parametric variations in the second portion. 

It is advantageous if the step causing random parametric variations comprises 
a sub-step causing random parametric variations in at least a part of the second portion while 

20 the first portion is covered by a second mask which at least partly prevents introducing the 
random parametric variations in the first portion during the sub-step. In this way the relative 
difference between the random parametric variations in the first portion and the random 
parametric variations in the second portion is maximized because the random parametric 
variations in the first portion are as large as possible and the random parametric variations in 

25 the second portion are as small as possible. The latter has the additional advantage that the IC 
will function reliably. 

It is advantageous if the step causing the random parametric variations 
comprises implanting doping atoms. It is relatively easy to increase the random parametric 
variations if they are at least partly due to a random distribution of doping atoms. 

30 It is advantageous if the means for increasing the random parametric variations 

comprise objects randomly distributed over at least a part of the first portion, the objects at 
least partly preventing doping atoms from being implanted. In this way it is possible to use an 
apparatus commonly used for doping atom implantation without any fiirther adjustment. 
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It is advantageous if latex balls are applied as the objects because latex balls 
are available in well-defined shapes and sizes. They can be easily randomly distributed and 
they are easily removable by a cleaning agent. Alternatively, a quantity of photoresist may be 
distributed which is so small that the photoresist does not form a single layer covering the 
entire surface but leaves some portions of the surface uncovered. 

It is advantageous if at least a part of the doping atoms carry a charge when 
they are implanted, and a deflection unit randomly deflecting the charged doping atoms by 
applying a random deflection signal is used as the means for increasing the random 
parametric variations. Charged doping atoms can be deflected by applying an electrical 
and/or magnetic field. These fields can be controlled by adjusting a voltage and a current, 
respectively. The voltage source and the current source can be successively connected to a 
random signal generator to increase the random parametric variations. 



These and other aspects of the IC and the method of manufacturing same 
according to the invention will be further elucidated and described with reference to the 
drawings, in which: 

Fig. 1 is a block diagram of the IC; 

Figs. 2A and 2B are schematic diagrams of two embodiments of an ID cell of 
the IC shown in Fig. 1; 

Fig. 3 is a cross-section of a MOSFET shown in Figs. 2A and 2B; 

Fig. 4 is a schematic diagram of an embodiment of the load cell of the IC 
shown in Fig. 1 ; 

Figs. 5 A and 5B are top views of the substrate and the mask at two stages in 
one embodiment of the method of manufacturing; 

Figs. 6A and 6B are cross-sections of the substrate according to VIA-VIA and 
VIB-VIB in Figs 5A and 5B, respectively; 

Fig. 7 is a schematic diagram of the ion implantation equipment used in an 
embodiment of the method; and 

Fig. 8 is a cross-section of an embodiment of the IC. 

The Figures are not drawn to scale. In the Figures, like reference numerals 
generally refer to like parts. 
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The IC 1, shown in Fig. 1, is equipped with a set of cells 10, which comprises 
a first subset 12 of ID cells 13. In the embodiment of Fig. 1, the ID cells 13 form a 
rectangular array of 6 x 4 cells, but the invention is not limited to an IC having an array of 
this size or shape. The ID cells 13 are connected to column lines 16, row lines 17, and output 
lines 18. The IC 1 is further equipped with a second subset of cells 14, which comprise 
access control cells 1 1 for stimulating a single ID cell 13. 

In one embodiment, shown in Fig. 2 A, each of the ID cells 13 comprises one 
electrical device 20, which is a P channel MOSFET 22, shown in Fig, 3. The MOSFET 22 
comprises a source 23, a drain 24, a gate 25, and a channel 26, which is situated between the 
source 23, the drain 24 and the gate 25. The channel 26 is electrically insulated from the gate 
25 by an oxide 27. The access control cells 1 1, which may be, e.g. identical to those of the 
stimulus circuit shown in Fig. 1 1 of US-6,161,213, comprise MOSFETs 22a, which are of 
identical design as MOSFETs 22 of the ID cells 13. 

Referring now to Fig. 2A, for each row, the gates 25 are connected to the same 
row line 17 and for each column, the sources 23 are connected to the same colxunn line 16. 
For each row, the drains 24 are connected to the same output line 1 8. The output lines 1 8 of 
different rows are mutually electrically connected. To stimulate the MOSFET 22 of a 
particular ID cell 13, the column line 16 connected to the source 23 of this MOSFET 22 is 
put on a relatively high voltage by the access control cell 1 1 of the corresponding column and 
the row line 17 connected to the gate 25 is provided with an analogous bias voltage by the 
access control cell 1 1 of the corresponding row. As a resuh of this stimulus, MOSFET 22 is 
driven into saturation and it conducts a current through the drain 24 and the output line 18 
connected to it. 

The parameter value of the current, which is a device parameter of the 
MOSFET 22, is a function of random parametric variations. The random parametric 
variations comprise amongst others a random distribution of doping atoms 28 implanted in 
the channel 26 of MOSFET 22, as shown in Fig. 3. The amount and the position of the 
doping atoms 28 is one of the parameters, which determines the parameter value of the 
current, which flows fi-om the source 23 to the drain 24 via the channel 26 when the 
MOSFET 22 is stimulated by biasing the gate 25 and putting the source 23 on a relatively 
high voltage. 

Because of the random distribution of the doping atoms 28, two MOSFETs 22 
produce two currents having a random difference, even when they are provided with the 
same stimulus. The random difference between these two currents is used to generate an ID 
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code. To this end, the current of a particular ID cell 13 is compared to the reference current 
produced by a reference cell 15, which comprises a MOSFET 22b, not shown. The MOSFET 
22b, which is identically designed as the MOSFET 22 of the ID cells 13 and the access 
control cells 1 1, is provided with the same stimulus as the MOSFET 22 to produce the 
reference current, which is designed to be identical to the current produced by MOSFET 22 
of the ID cells 13, 

The current produced by MOSFET 22 and the reference current are terminated 
in a load cell 19, shown in Fig. 4, which is a simplified version of the load cell of the known 
IC. The load cell 19 comprises two MOSFETs 22c, which are identically designed as the 
MOSFET 22 of the ID cells 13 and the access control cells 1 1 . The voltage between the 
output line 18 and the reference line 180 due to the termination of the current and the 
reference current are compared by a comparator 9 similar to that of the known IC. The 
comparator 9 produces a relatively high output voltage when the voltage difference between 
the output line 18 and the reference line 180 is positive and otherwise a relatively low output 
voltage. By sequentially addressing the ID cells 13 and recording the output voltage, an ID 
code is generated. 

According to the invention, the ID cells 13 of the first subset 12 have first 
random parametric variations and the cells 1 1, 15, 19 of the second subset 14 have second 
random parametric variations, the first random parametric variations being larger than the 
second random parametric variations. Methods to manufacture such an IC will be discussed 
below. 

When the IC is manufactured using standard IC technology, the random 
parametric variations are kept as small as possible and the above-mentioned condition is not 
met. It is hard then to detect the random differences in the parameter values of the current and 
to generate the ID code because the MOSFETs 22, 22a, 22b, and 22c all have substantially 
the same random parametric variations. 

To illustrate the resulting difficulties, it should be noted that the reference 
current produced by MOSFET 22b of the reference cell 15 has a certain random, but fixed 
offset as compared to the current which should be produced by an ideal MOSFET 22 
according to the design. It may happen, for instance, that the reference current is relatively 
low as compared to most of the currents produced by MOSFET 22 of the ID cells 13. In this 
case, the ID code does not reflect the random differences among the currents produced by the 
ID cells 13, but it is mainly determined by the offset. This ID code cannot reliably be used for 
identifying the IC. 
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The MOSFETs 22a of the access control cells 1 1 also have random parametric 
variations causing fixed, but random differences between the designed output and the actual 
output. Therefore, the stimuli applied to the ID cells 1 3 are different as compared to the ideal 
value. It may happen e.g. that the access control cell 1 1 of a certain row comprises a 
MOSFET 22a, which produces a relatively low stimulus as compared to the other MOSFET 
22a. All the ID cells 13 of this row will, therefore, have an offset and produce a current, 
which is low as compared to the reference current. Also in this case the ID code does not 
reliably reflect the random differences among the currents produced by the ID cells 13, but it 
is to a large extend determined by the offset due to MOSFET 22a. 

The MOSFETs 22c of the load cell 19 also have random parametric variations 
causing a fixed, but random difference between the designed voltage drop and the actual 
voltage drop across MOSFET 22c when it is supplied with the reference current. It may 
happen e.g. that the MOSFET 22c connected to the reference line 180 causes a relatively 
large voltage drop when it is supplied with the reference current, whereas MOSFET 22c 
connected to the output line 18 causes a relatively small voltage drop when provided with the 
same current. Again the ID code does not reliably reflect the random differences among the 
currents produced by the ID cells 13; it is to a large extend determined by the offset due to 
MOSFET 22c. According to the invention, the load cell 19, shown in Fig. 4, comprises only 
one MOSFET 22b connected to output line 18 and reference line 180, respectively, which is 
simpler than in the known IC. To reduce the offset introduced by the load cell 19, the known 
IC comprises a combination of four MOSFETs 22b, with the number of MOSFETs 22b 
connected in series and in parallel being the same. 

As the first random parametric variations are larger than the second random 
parametric variations, it is no longer necessary to use four MOSFETs 22b per output line 18 
and 18Mn addition, also the other difficulties discussed above are reduced to a large extent, 
when the first random parametric variations are larger than the second random parametric 
variations, because then the chance that the ID code is mainly determined by offset due to 
MOSFET 22a, 22b, and 22c is reduced. 

In one embodiment, the first random parametric variations have been 
increased with respect to the second random parametric variations to such extent that the 
average of the absolute values of the random differences among the parameter values of the 
ID cells 13 are larger than the absolute value of the offsets. This condition implies that the 
chance that the ID code is mainly determined by offset due to MOSFET 22a, 22b, and 22c is 
significantly reduced. 
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In another embodiment, the ID cells 13, shown in Fig. 2B, are identical to 





those shown in Fig. 4 of US-6,161,213. Each of the ID cells 13 comprises two substantially 
similar MOSFETs 22 and 22'. The gates of the two MOSFETs 22 and 22' are connected to 
the same row line 17 and the sources of the two MOSFETs 22 and 22' are connected to the 
same column line 16, The drains of MOSFETs 22 and 22' are connected to output lines 18 
and 18', respectively. 



for each ID cell 13 using the load cell 19 shown in Fig. 4, in which output line 18' is 
connected to reference line 180. In this embodiment, reference cell 15 is not present. The 
voltage difference between output lines 18 and 18' is further processed by an error detection 
element, not shown, in a manner analogous to the processing described in US-6,161,213. 



commonly used in standard IC technology. Analogous to the prior art, the method comprises 
a step of implanting doping atoms 28 into the channel 26, which causes the cells 1 1, 13, 15, 
and 19 to have the random parametric variations. The IC 1, shown in Fig. 1, is integrated in a 
substrate 2, shown in Figs. 5A and 5B. The substrate 2 has a first portion 3 and a second 
portion 4 which, after completion of the manufacturing process comprise the first subset 12 
and the second subset 14, respectively. 



variations in at least a part of the first portion 3 with respect to the random parametric 
variations in the second portion 4 are applied. During at least a part of the execution of the 
step of implanting doping atoms 28, the second portion 4 is covered by a first mask 5, which 
at least partly prevents doping atoms 28 from being implanted in the second portion 4. The 
first mask 5, shown in Figs. 5 A and 6A, is a resist layer in which openings are made at the 
positions of the channels 26 of MOSFET 22 of the ID cells 13 by means of photolithography. 



objects 31, which may be latex balls, are randomly distributed over at least a part of the first 
portion 3. It is possible to a certain extent that the objects 31, shown in Fig. 6A, cover some 
of the openings in the photoresist and thereby at least partly prevent doping atoms 28 from 
being implanted. The objects 31 are thus applied as the means for increasing the random 
parametric variations. After implanting the doping atoms 28 in the channels 26 in MOSFET 
22, the objects 31 and the first mask 5 are removed. 

By photolithography and etching, a second mask 6, shown in Figs. 5B and 6B, 
is formed, which covers the first portion 3 and at least partly prevents doping atoms 28 from 



The ID code is generated by comparing the currents on output lines 18 and 18' 



Most steps of the method for manufacturing the IC 1 described above are 



According to the invention, means for increasing the random parametric 



Before implanting the doping atoms 28 in the channels 26 in the ID cells 13, 



PHNL020753 



13 — 18.06.2003 

being implanted. In the second mask 6 openings are made at the positions of the channels 
26a, 26b and 26c of MOSFETs 22a, 22b, and 22c of the access control cells 1 1, the reference 
cell 15, and the load cell 19, respectively, by means of photolithography and etching, and 
subsequently doping atoms 28 are implanted. 
5 In an alternative embodiment of the method, at least a part of the doping atoms 

28 carry a charge when they are implanted. To this end ion implantation equipment 40, well 
known in the art of IC manufacturing, is used. The ion implantation equipment 40, shown in 
Fig. 7, comprises a deflection unit 41, which has two quadrupole deflectors 42, each 
comprising four electrodes, two of which are shown for each quadrupole deflector 42 in Fig. 
10 7. In the normal operating mode, the electrodes 43 are connected to a voltage generator, 
which is used to scan the beam of charged doping atoms 28 over the substrate 2 in such a 
way that the doping atoms 28 are implanted as uniformly as possible. 

Analogous to the method described above, the second portion 4 is covered by 
the first mask 5, which has openings at the positions of the channels 26 of MOSFET 22. 
15 When performing the step of implanting doping atoms 28, the electrodes 43 are connected to 
a random signal generator 44, which generates random voltages. The random voltages, which 
may be added to the voltages used in the normal operating mode, randomly deflect the 
doping atoms 28, as a result of which the doping atoms 28 are not implanted xmiformly. 
Again analogous to the method described above, the first mask 5 is removed in. 
20 After depositing the second mask 6, the doping atoms 28 are implanted in the 

channels 26a, 26b, and 26c of MOSFET 22a, 22b, and 22c using the ion equipment 40 in the 
normal operating mode. As a result the random parametric variations in the first portion 3 are 
increased with respect to the random parametric variations in the second portion 4. 

In another embodiment the IC 1 comprises the ID cells 13, shown in Fig. 2 A, 
25 each having a MOSFET 22, shown in Fig. 3. The source 23, the drain 24, and the gate 25 of 
each MOSFET 22, 22a, 22b, and 22c comprise silicide 29 shown in Fig. 3. The silicide, 
which is titanium silicide, is connected to a column line 16, a row line 17 and an output line 
18, respectively, shown in Fig, 2A. The silicide 29 is an ohmic resistor with a resistance 
whose value is a fimction of random parametric variations. The resistance of the silicide 29 is 
30 in particular a fimction of the shape of the silicide 29. 

In standard IC technology, the silicide 29 is formed by providing silicon with a 
layer of a metal such as, e.g. titanium, and heating up the silicon to form a silicide. The shape 
of the silicide 29 depends amongst others on the amount of metal present. This amount is 
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subjected to random parametric variations when the metal is deposited. In standard IC 
technology, these random parametric variations are kept as small as possible. 

According to one embodiment of the invention, the random parametric 
variations in the thickness of the metal layer are deliberately increased in the first portion 3 as 
5 compared to the second portion 4. To this end, a resist layer as a first mask 5', not shown, is 
applied, which covers the second portion 4 and thereby prevents the metal layer from being 
deposited in the second portion 4. In the first mask 5' openings are made at the positions of 
the source 23 and the drain 24 of MOSFET 22 of the ID cells 13 by means of 
photolithography and etching. 

10 Subsequently, objects 31 are randomly distributed to cover some of the 

openings in the first mask 5', the metal layer is deposited and the substrate 2 is heated to 
form a silicide 29. At the random positions of the objects 31 coinciding with the openings in 
the first mask 5% a smaller amount of silicide 29 is formed and these ID cells 13 will produce 
a reduced current because of the larger resistance of the silicide 29. Analogous to the method 

15 described above, the first mask 5' is removed. 

The source 23 and drain 24 of the MOSFET 22a, 22b and 22c are provided 
with a silicide 29 using standard IC technology. 

In a variation of this embodiment, shown in Fig. 8, insulating objects 49 are 
distributed over a part of the first portion 3 after the silicide 29, not shown in Fig. 8, has been 

20 formed, but before the source 23, the drain 24, and the gate 25 of MOSFET 22 are contacted 
to column lines 16, row lines 17 and output lines 18, which form ohmic resistors. Some of the 
ohmic resistors comprise a first part 50 and a second part 51, which is electrically insulated 
from the first part 50 by the insulating objects 49 and, therefore, the resistance of these ohmic 
resistors is a function of large random parametric variations as compared to the ohmic 

25 resistors in the second portion 4. Other ohmic resistors, not shown, may comprise insulating 
objects 49, which reduce the conductivity of the ohmic resistor, but do not cause an open 
circuit. 

The integrated circuit comprises a set of cells, each of the cells comprises an 
electrical device with a device parameter whose parameter value is a function of random 
30 parametric variations. The set of cells comprises a first subset of identification cells with first 
random parametric variations, and a second subset of cells, which are able to generate an 
identification code by measuring the random differences between the parameter values of the 
identification cells. According to the invention the cells of the second subset have second 
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random parametric variations, which are smaller than the first random parametric variations, 
thereby making the generation of the identification code relatively easy. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. The 
word "comprising" does not exclude the presence of elements or steps other than those listed 
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. 
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List of numerals 

integrated circuit 1 

substrate 2 

first portion 3 
5 second portion 4 

first mask 5 and 5' 

second mask 6 and 6' 

comparator 9 

set of cells 10 
10 access control cells 1 1 

first subset 12 

identification cell 1 3 

second subset of cells 14 

reference cell 15 
15 column line 16 

row lines 17 

output lines 18 and 18' 

load cell 19 

electrical device 20 

20 MOSFET 22 (ID cell), MOSFET 22a (access control cell), MOSFET 22b (reference cell), 
MOSFET 22c (load cell), MOSFET 22' 
source 23 
drain 24 
gate 25 

25 channel 26, 26a, 26b, 26c 

oxide 27 

doping atom 28 

silicide 29 

objects 31 
30 ion implantation equipment 40 

deflection unit 41 

quadrupole deflector 42 

random signal generator 44 

insulating object 49 
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first part 50 
second part 51 
reference line 180 
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CLAIMS: 



1. An integrated circuit (1) comprising a set of cells (10), each cell (11, 13, 15, 
19) comprising an electrical device (20) having a device parameter with a parameter value 
which is a function of random parametric variations, the set of cells (10) comprising: 

a first subset (12) of identification cells (13); and 
5 - a second subset ( 1 4) of cells ( 11 , 1 5 , 1 9) for generating an identification code 

by measuring the parameter values of the identification cells (13), characterized in that the 
identification cells (13) have first random parametric variations and the cells (11, 15, 19) of 
the second subset (14) have second random parametric variations, the first random parametric 
variations being larger than the second random parametric variations. 

10 

2. An integrated circuit (1) as claimed in Claim 1, characterized in that 

the first random parametric variations cause random differences among the 
parameter values of the identification cells (13), the random differences each having an 
absolute value, the absolute values having an average valuje; and 
15 - the second random parametric variations cause an offset in the parameter 

values of the identification cells (13), the offset having an absolute value, the average value 
being larger than the absolute value of the offset. 

3. An integrated circuit (1) as claimed in Claim 2, characterized in that the 
20 identification cells (13) each contain only one electrical device (20). 

4. An integrated circuit (1) as claimed in Claim 1, characterized in that the 
random parametric variations comprise a random distribution of doping atoms (28) in at least 
a part of the electrical device (20). 

25 

5. An integrated circuit (1) as claimed in Claim 4, cheu-acterized in that the 
electrical device (20) comprises a metal oxide semiconductor field effect transistor (22) 
comprising a source (23), a drain (24), a gate (25), and a channel (26), which is situated 
between the source (23), the drain (24) and the gate (25), the channel (26) being electrically 
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insulated from the gate (25) by an oxide (27), the part of the electrical device (20) having the 
random distribution of doping atoms comprising the channel (26). 

6. An integrated circuit (1) as claimed in Claim 1, characterized in that the 
electrical device (20) comprises an ohmic resistor having a resistance value, which is a 
function of the random parametric variations. 

7. An integrated circuit (1) as claimed in Claim 6, characterized in that the ohmic 
resistor comprises a silicide material and has a shape, the random parametric variations 
comprising a random distribution of shapes. 

8. An integrated circuit (1) as claimed in Claim 6, characterized in that the 
random parametric variations comprise a random distribution of insulating objects (49) in the 
ohmic resistor. 

9. An integrated circuit (1) as claimed in Claim 8, characterized in that the first 
subset (12) comprises a random number of identification cells (13) each having ohmic 
resistors comprising a first part (50) and a second part (51), which is electrically insulated 
from the first part by the insulating objects (49). 

10. A method for manufacturing an integrated circuit (1) as claimed in Claim 1, 
the integrated circuit (1) comprising a substrate (2) and a set of cells (10), each cell (11,13, 
15, 19) comprising an electrical device (20) having a device parameter with a parameter 
value which is a function of random parametric variations, the substrate (2) comprising a first 
portion (3) and a second portion (4), the method comprising a step which causes the cells (11, 
13, 15, 19) to have the random parametric variations, characterized in that means for 
increasing the random parametric variations in at least a part of the first portion (3) with 
respect to the random parametric variations in the second portion (4) are applied during at 
least part of the execution of said step. 

11. A method as claimed in Claim 1 0, characterized in that during at least a part of 
the step of applying the means for increasing the random parametric variations the second 
portion (4) is covered by a first mask (5) which at least partly prevents an increase of the 
random parametric variations in the second portion (4). 
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12. A method as claimed in Claim 1 1, characterized in that the step causing 
random parametric variations comprises a sub-step causing random parametric variations in 
at least a part of the second portion (4) while the first portion (3) is covered by a second mask 
(6) which at least partly prevents introducing the random parametric variations in the first 
portion (3) during the sub-step. 

13. A method as claimed in Claim 10, characterized in that the step causing the 
random parametric variations comprises implanting doping atoms (28). 

14. A method as claimed in Claim 13, characterized in that the means for 
increasing the random parametric variations comprise objects (31) randomly distributed over 
at least a part of the first portion (3), the objects (31) at least partly preventing doping atoms 
(28) from being implanted. 

15. A method as claimed in Claim 13, characterized in that at least a part of the 
doping atoms (28) carry a charge when they are implanted and a deflection unit (41) 
randomly deflecting the charged doping atoms by applying a random deflection signal is used 
as the means for increasing the random parametric variations. 
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ABSTRACT: 



The integrated circuit (1) according to the invention comprises a set of cells 
(10), each of the cells (1 1, 13, 15, 19) comprises an electrical device (20) with a device 
parameter whose parameter value is a function of random parametric variations. The set of 
cells (10) comprises a first subset (12) of identification cells (13) with first random 
5 parametric variations, and a second subset (14) of cells (1 1, 15,19), which are able to 

generate an identification code by measuring the random differences between the parameter 
values of the identification cells (13). According to the invention the cells (11, 15, 19) of the 
second subset (14) have second random parametric variations, which are smaller than the first 
random parametric variations, thereby making the generation of the identification code 
10 relatively easy. 
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